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A Muscular Stimulation
A newly developed EMS uniti Some preliminafy”ngnultn
demonstrating ite efficacy Dy
M.R. Duvoisin, H.E. Reed, D.Ff. Doerr, G.A. Dudley, P.Buchanan.
Biomedical Engineering, Bafety, and ‘
Reliability Office-NASA and the Bionetica Corp
Kennedy Space Center, FL 32099 .
This wasn due to the difference in
individual tolerance to the stimulation.
ABSTRACT

An  electromyostimulation (EMS) unit
that provides a range of wstimulation
variables was developed and used in a
preliminary study of the current-torque
relationship during percutaneous EMS,
The knee extensors of one lower limb of
10 subjects received stimulation on 3

different days, The current torque
‘relationship wawm atudied using an
incremental protocol. A two second

train of 500 ua square monophasic pulses

at 60 Hz was used to elicit one
contraction every minute. " Peak
current and peak torque values among

subjects ranged from 229 to 344 mA and
from 61% to 1060 of &4 given subject's
maximum voluntary isometric torque,

The new EMS unit consistently elicits
torque during stimulated contractions,
therefore providing the basis to
evaluate the efficacy of a wide range of
stimulation protocols.

*INTRODUCTION

During exposure to a microgravity
environment, muacles 4in the Jower
extremity atrophy. During Skylab I7 the
Astronauts demonstrated a 207 losw of

strength of their knee and hip extensor
nmuscle

groups after only 20 days in
orbital flight (4). oOne of NASA's
objectives ie to develop and verify

countermeasures to reduce the effects of
microgravity on the muaculoskeletal
syatem, Conventional exercise for up to
2.5 hours a day during flight doea not
maintain  normal muscle size and
strength, The Kennedy Space Center has
initiated a rewearch program in which
one goal in to determine it
transcutaneous electromyostimulation
{EMS) might aide in the fight against
disuse atrophy while not encroaching
upon costly crew time. 1In a pilot study
EMS wam applied to 3 subjects during 30
days of 6 degree head down bedrest.
Subject tolerance to EM3S determined the
stimulation levetl. Unfortunately thina
level varied greatly amoung subjects.
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In order to more effectively test EMS
as a countermeasure, subject variation
in aceeptance  cannot Hmite  the
stimulation level. Dy custamizing
stimulation "variablea to an individualn
preference, the level of effective FMS
could be increased for all subjects, To
customize EMS8 to individual preference, a
EMR  atimulator wam  demigned, Thie
stimulator provides a large adjustnent.
range on all stimulation variables and
the ability to create an arbitrary pulae
shape atimilua, This paper discusuen
the basic design of the programmable
arbitrary stimulator and the initial data
collected uning this device.

EQUIPMENT AND METHODS

The programmable arbitrary stimuiator
is conmposed of 3 banic componentet Compaq
computer, Krohn-Hite arbitrary waveform
generator, and & customized power
amplifier. The computer allows for pulse
shape . design;, for simulation variable
selection and for acquisition of current
and torque levels., Two arrays are loaded
into memory
analog mignale. The firnt vignal
controls the frequency of the pulsen and
the second modulateas rulse amplitude.The
length of these signale and the analog
output card clock wupeed control the
length of the contraction,

A Krohn-liite arbitrary waveform
generator provides the pulse shape.,  The
pulse shape is a 200 point wave which {a

deaigned on the computer, and then
downloaded and atored in the arbitrary
generator., The frequency signal from the

computer is used to trigger the génerator
to output the pilne shape. This pulge
train ia sent to the power amplifier.

The pulee train from the generator in
amplified uning a current amplifier and a
step-up transforner, thereby providing
sufficient stimuli to activate  eskeletal
muncle. The amplifier also modilates the
pulee train amplitude from the computer
and outputs this stimulus to the subject.
Tn order to determine the efficacy of
difterent atimulation variables, an
initial atudy was conducted to determine

10TH ANNUAL, INTERNATIONAL CONFERENCE--~1677

and used to develop two '
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a baseline response of muscle to curreat:
and to determine the reproducibility of
the current-torque relationaship elicited
with this EMS system. Six male and four
female volunteers acted as subjectas.
One knee extensor from each aubject

way
sensored with two carbon conditioned
electrodes, The subject waa then

securely poaitioned into an instrumented
EM3  chair. 2] The protocol consisted
of k| maximum voluntary inometric
contractiona (MVC) separated by 1 min of

reat, Theae were followed by a nertes

of electrically stimulated contractionm.

The atimulation

variables were
follows:

pulae width-500us,

set as
frequency
seconda with
the firat gsecond of the contractinn
ramped to the amplitude asetting. The
atimulation amplitude wag manually
increased in a satepwise manner to
tubject tolerance. The 2 seconds
Craina were separated by 1 minute to
minimize muascle fatigue. Subjectuy were
teated on 3 different dayn aeparated by
at. least one day after following one or

two preliminary exposures to EMS.
Flectrode placement wag marked on the
akin and maintained throughout the
atudy, The stimulation Jevel {peak
current) and the torque developed for
each pulse train were measured  and
recorded,
RESULTS

Subjectns were included in the data
analywis if they attained 65% of their.

MVC during EM3S on each day of teating.
Two male and one female subject were
excluded "as they failed to meet thia
critaria. MVC wan determined as the
highest mingle value measured  any
teating day, :

The current and torque
normalized by body welght and Mve,
reapectively, figure 1 preacnts ' the
current-torque relationship of the 7
subjects averaged for each day of
teating, These data indicate a very
Atrong correlation between atimulation
level (current/wt) and the torque output
of the muacle (amMvce) ., The equation
deacribing the relation between current
and torque when data for he ) day were
connidered together inm (r?.0,09 p<0.05);

AMVC = 0.045 -0.196x + 0.172x2

were

-0.019x3

where: AMVC ia torque output/MvVe
X is current tevel/body weight
The nature of the current-torque
relationsahip demonstrates a threshold
effect prior to muucle responae,
followed by a aensitive area, and

finally approaching a saturation
DISCUSSTON .

llaving developed An EMS ayastem which
will reproduce the turrent-torque curve
on  a day to day bafis, we can begin to
determine which stimulation variables

level .
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Figure 1: Current-Torque relationship In
' the Knea Extensors.(p<0.05)

are most effective at eliciting a
level contraction while minimizing
subject dincomfort, . A few investigators
have reported work in thie areall, ).
Por example MNultman et. al. meanured
force output with increaaing pulse width
waing a square pulue atimulation
pattern. Force increaned dramatically
with increasing pulse width from -0 to
500us and the increased mich less for
500us to 1000us {3). Delitto et. al,
cowpared the aubject tolerance to three
different pulse shapes, His work
indicated, that although no specific pulue

higher

shape tested proved comfortable to all
subjecte, subjects did prefer one typa
of pulse shape and when using that
specific pulsa shape high force
contractions could be elicited (1], In®
future work using thias atimilator, we
will maximize both force output and
subject tolerance by customizing
atimulation variableas and thereby
increase the effective level of EMS
contractiona, . .
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